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IncRNA NEAT1 regulates the proliferation and migration
of hepatocellular carcinoma cells by acting as a miR-320a
molecular sponge and targeting L antigen family member 3
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Abstract. Long non-coding RNAs (IncRNAs) serve a pivotal
role in hepatocellular carcinoma (HCC) progression and
have been confirmed to participate in the carcinogenesis
and development of HCC. Certain studies have focused on
IncRNA nuclear enriched abundant transcript 1 (NEATI) in
HCC. However, the relationship between IncRNA NEAT1 and
HCC remains unclear. The present study found that NEAT1
was significantly overexpressed in HCC cell lines compared
with LX-2 hepatic stellate cells. NEAT1 expression in Huh7
and MHCC-97H cells was increased following transfection
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with lentivirus (LV)-NEAT1 but inhibited by LV-short hairpin
NEATI. Knockdown of NEATI significantly repressed HCC
cell viability, increased cell apoptosis, and inhibited cell migra-
tion and invasion capacity. By contrast, upregulation of NEAT1
demonstrated the reverse effects. Furthermore, microRNA-320a
(miR-230a) was predicted to be a direct target of NEATI
and was significantly reduced in HCC cells. Additionally, a
luciferase activity reporter assay and RNA immunoprecipita-
tion assay were performed to confirm the interaction between
miR-320a and NEAT1. Using a dual-luciferase activity assay,
L antigen family member 3 (LAGE3) was found to be a target
of miR-320a. Finally, in vivo nude mouse models were estab-
lished, and the results indicated that NEAT1 suppressed HCC
progression by targeting miR-320a. In conclusion, the present
findings revealed that the NEAT1/miR-320a/LAGE3 axis
participates in HCC development and that NEAT1 could be
used as a biomarker for HCC.

Introduction

Hepatocellular carcinoma (HCC) is the most common malig-
nant tumor type of the liver and originates from the malignant
transformation of hepatocytes; it accounted for 75-85% of
primary liver cancers in 2018 worldwide (1,2). Resection,
transarterial chemoembolization, radiofrequency ablation,
liver transplantation, selective internal radiation therapy
and systemic therapies are considered effective methods for
treating patients with different stages of HCC (3). However,
the trend of increasing HCC-associated mortality remains a
growing concern (4). Therefore, a better understanding of the
molecular mechanisms related to HCC progression would be
favorable for early diagnosis and effective management.
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Long non-coding RNAs (IncRNAs) are molecules
containing >200 nucleotides that do not code for proteins (5).
The molecular functions of IncRNAs include transcriptional
splicing, chromosome structure regulation, mRNA stability,
mRNA availability and posttranslational modification (6).
MicroRNAs (miRNAs) are a class of evolutionarily conserva-
tive non-coding RNAs comprised of ~22 nucleotides that have
an essential role in posttranscriptional gene regulation (7).
They can bind to numerous sites (nucleotides 2-7), particularly
those in the 3'-untranslated region of target gene mRNAs, and
modulate target gene expression by suppressing the translation
of target mRNAs (8). Both IncRNAs and miRNAs serve key
roles in numerous biological processes, including the immune
response, cell growth, epigenetic regulation, tumorigenesis and
cell differentiation (9,10). Recently, increasing evidence has
suggested that the crosstalk between IncRNAs and miRNAs
plays essential roles in the development and progression of
numerous cancers, including HCC (11,12). For instance, the
IncRNA FTX contributes to colorectal cancer tumorigenesis
and progression via an interaction with miR-215 (13). The
IncRNA TUGI modulates the progression of oral squamous
cell carcinoma by sponging miR-524-5p and mediates the
expression of distal-less homeobox 1 (DLXT1) (14). In addition,
the IncRNA CASC?2 regulates the development of HCC cells
via the miR-362-5p/NF-«B axis (15).

NEATI is a type of IncRNA that is abnormally expressed
in HCC and has various oncogenic roles (16-18). Furthermore,
it is generally correlated with the progression of several types
of neoplasms, such as colorectal cancer, breast cancer and
non-small cell lung cancer (19-21). Yan et al (22) reported that
NEAT]1 enhances the resistance of anaplastic thyroid carci-
noma cells to cisplatin by sponging miR-9-5p and regulating
sperm associated antigen 9 expression. Xia et al (23) reported
that NEAT1 promotes the growth of gastric cancer cells by
regulating the miR-497-5p/phosphoinositide-3-kinase regu-
latory subunit 1 axis. Furthermore, NEAT1 can promote
malignant melanoma development and metastasis by targeting
ras-releated protein Rab-9 (24). The oncogenic function of
NEAT! in HCC is gradually emerging; however, the detailed
mechanism of HCC remains largely unknown.

The present study mainly focused on the biological function
of NEAT1 in HCC. NEAT1 was upregulated and miR-320a
was downregulated in HCC cells. HCC cell progression was
significantly affected by NEAT1 silencing or overexpression.
In addition, miR-320a was predicted as a target of NEAT1
and regulated the level of LAGE3. Furthermore, NEATI
was upregulated in HCC tissues and positively correlated
with LAGE3 expression. Therefore, it was hypothesized that
NEATI contributes to the proliferation and migration of
HCC by acting as a miR-320a molecular sponge and targeting
LAGES3.

Materials and methods

Cell culture. Human hepatic carcinoma cell lines (Huh7,
SNU-398, MHCC-97H, Hep3B and SNU-449), hepatoblastoma
cells Huh-6, hepatic stellate cells LX-2 and 293T cells were used
in the present study. The cells were all purchased from the Institute
of Cell Biology, Chinese Academy of Sciences. RPMI-1640
(Sigma-Aldrich; Merck KGaA) or Dulbecco's modified Eagle's
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medium (DMEM,; Sigma-Aldrich; Merck KGaA) supplemented
with 10% fetal bovine serum (FBS; HyClone; GE Healthcare),
100 U/ml penicillin and 100 pg/ml streptomycin (Gibco; Thermo
Fisher Scientific, Inc.) was used as the cell culture medium, and
the cells were all cultured in a humidified chamber containing
5% CO, at 37°C. Huh7 and MHCC-97H cell lines were cultured
by RPMI-1640, while other cell lines were cultured by DMEM.

Lentiviral vector transfection. Lentiviral plasmids
(lentivirus-shNEAT1) were constructed using short hairpin
RNAs (shRNAs) of the NEATI sequence (Shanghai
GenePharma Co., Ltd.), and were transfected into Huh7
and MHCC-97H cells using Lipofectamine® 2000 reagent
(Invitrogen; Thermo Fisher Scientific, Inc.). The concen-
tration of lentiviral plasmid transfected was 2 uM. The
lentiviral plasmid containing a scrambled sequence was
constructed using the LV-NC (Shanghai GenePharma Co.,
Ltd.) as a negative control. The oligonucleotide sequences
were: ShANEATI1 sense, 5'-CACCGCATGGACCGTGGT
TTCCGTTACTTTCAAGAGAAGTAACAAAACGGTCCA
TGTTTTTTG-3' and antisense, 5'-GATCCAAAAAACATG
GACCGTGGTTTGTTACTTCTCTTGAAAGTAACAAAC
CACGGTCCATGC-3"; NC sense, 5'-CACCGTTCTCCG
AACGTGTCACGTCAAGAGATTACGTGACACGTTCGG
AGAATTTTTTG-3' and antisense, 5-GATCCAAAAAAG
TTCTCCGCGTGTCACGTAATCTCTTGACGTGACACG
TTCGGAGAAC-3". A synthetic and purified NEAT1 gene
fragment (5'-CGGCUCGAGGGGCCAUCAGCUUU-3")
was inserted into the lentiviral plasmids and designated
LV-NEATI (Shanghai GenePharma Co., Ltd.).

The transfection of miR-320a mimic or negative control
in Huh7 and MHCC-97H cell lines was performed using
Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). The concentration of miR-320a mimic and
negative control was 100 M. The sequences of the miR-320a
mimic and negative control were as follows: miR-320a mimic,
5'-AAAAGCUGGGUUGAGAGGGCGA-3' and negative
control, 5'-UUCUCCGAACGUGUCACGUTT-3'". Further
experiments were performed 48 h after transfection.

Transwell invasion assay. A 200-ul cell suspension of 1x10°
Huh7 or MHCC-97H cells in RPMI-1640 medium was loaded
into the upper chambers of a 24-well Transwell plate, which
had an 8-ym pore size and was coated with 1 mg/ml Matrigel
(Corning Inc.) for 1 h at 4°C. The lower chamber was loaded
with 600 1l RPMI-1640 containing 10% FBS. Subsequently,
the cells on the surface of the filter were fixed with 4%
formaldehyde for 15 min, stained with 0.5% crystal violet for
30 min at room temperature, and then counted using a light
microscope (magnification, x200).

EdU proliferation assay. Cell proliferation was studied using
the EdU proliferation assay (Nanjing Keygen Biotech Co.,
Ltd.) according to the manufacturer's instructions. A total of
48 h after transfection, 2x10* cells were treated with 10 uM
EdU solution for 4 h. EdU-positive cells were observed
using Apollo staining for 30 min at room temperature and
4',6-diamidino-2-phenylindole staining for 30 min at room
temperature with an inverted fluorescence microscope
(magnification, x200). Then, positive cells were identified
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Table I. Primer sequences used for reverse transcription-quantitative PCR.

Gene Forward (5'-3") Reverse (5'-3")

NEAT1 TGGCTAGCTCAGGGCTTCAG TCTCCTTGCCAAGCTTCCTTC
miR-320a GTTGGATCCGGCGTTTCCTTCCGACATG GCTGAATTCGTCCACTGCGGCTGTTCC
LAGE3 CGACTGTGGGTCAGTTTGCAC GGTTGAGAGGCTGCGGTTT

MALAT1 AAAGCAAGGTCTCCCCACAAG GGTCTGTGCTAGATCAAAAGGCA
GAPDH AAGGAAGGTGGTGAAGCAGGC GTCAAAGGTGGAGGAGTGGG

U6 ATTGGAACGGATACAGAGAAGATT GGAACGCTTCACGAATTTG

NEAT1, nuclear enriched abundant transcript 1; miR-320a, microRNA-320a; LAGE3, L antigen family member 3.

by integral optical density (IOD) using Image-Pro Plus 6.0
(Media Cybernetics, Inc.).

Colony forming assay. LV-NEATI1-, LV-shNEATI- and
LV-NC-transfected Huh7 and MHCC-97H cells were seeded
at a density of 100 cells/well in 6-well plates. After 2 weeks
of culture, the colonies were fixed with methanol for 15 min
at room temperature and stained with 0.5% crystal violet for
15 min at room temperature. Visible colonies were manually
counted in randomly selected fields using light a microscope
(magnification, x10). The clone formation rate (CFR) was
calculated according to the following formula: CFR=clone
counts/seeded cell counts x100%. The experiment was
repeated three times.

Flow cytometric analysis of cell apoptosis. Huh7 and
MHCC-97H cell lines transfected with LV-NC, LV-shNEAT1
and LV-NEAT1 were stained using FITC-Annexin V and prop-
idium iodide (PI; both Beyotime Institute of Biotechnology)
in the dark for 15 min at room temperature. Apoptosis
assays were performed using the CytoFLEX flow cytometer
(Beckman Coulter, Inc.) and analyzed via Cytexpert 2.0
software (Beckman Coulter, Inc.). Annexin V-FITC-negative
and PI-negative cells were defined as living cells;
Annexin V-FITC-positive and PI-negative were defined as
early apoptotic cells; Annexin V-FITC-positive and PI-positive
were defined as late apoptotic cells and necrotic cells.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA form HCC tissues or cell lines was extracted using
RNAiso Plus (Takara Bio, Inc.). To ensure purity of the total
RNA, the A,4/A,g, of was controlled between 1.8 and 2.2,
and the A,4/A,;, ratio was controlled >1.7. The total RNA
concentration was between 500 and 1,000 ng/ul. Prime
Script™ RT Master mix was used for RNA RT at 37°C for
15 min followed by 85°C for 5 sec. SYBR Premix Ex Taq II
(Takara Bio, Inc.) was used for gPCR, which was performed
on the Applied Biosystems 7500 Real-Time PCR system
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The
following standard two-step PCR reaction program was used:
i) one cycle of pre-denaturation at 95°C for 30 sec; ii) 40 cycles
of 95°C for 5 sec, 60°C for 20 sec; and iii) final extension at
72°C for 30 sec, followed by melting curve analysis and cool
down. Relative gene expression levels were analyzed using the
2242 method (25). The primers of NEAT1, LAGE3, miR-320a

and the controls are shown in Table I. GAPDH was used as
a loading control to detect the NEAT1 and LAGE3 expres-
sion levels, and U6 was used as a loading control to detect the
miR-320a expression level.

Bioinformatics analysis. ChipBase (http://rna.sysu.edu.
cn/chipbase/index.php) and StarBase (http://starbase.sysu.
edu.cn/) were used to identify specific miRNA targets of
IncRNA NEATI. The TargetScan Human 7.1 (http:/www.
targetscan.org/), Starbase and miRanda (http://www.microrna.
org/microrna/home.do) databases were used to predict putative
mRNA targets of miR-320a.

Luciferase reporter gene assay. For the luciferase reporter
gene assay, 5x10° 293T cells were inoculated in a 24-well
plate overnight. Subsequently, 150 ng pmirGLO-LAGE3-WT
or pmirGLO-IncRNA NEATI-WT reporter plasmids
(Promega Corporation) and their mutant vectors were
co-transfected into cells with 50 nM miRNA-320a mimic
using Lipofectamine 2000 reagent. After 36 h of cell culture,
the firefly and Renilla luciferase activity was determined
by a double Luciferase Report Analysis system (Promega
Corporation) based on the manufacturer's instructions. The
relative luciferase activity was calculated based on the fluores-
cence of the firefly/Renilla luciferase.

RNA immunoprecipitation (RIP). The RIP assay was carried
out utilizing a Magna RIP kit (EMD Millipore). Huh7 cells
were lysed using RIP lysis buffer, and the cell lysates were
incubated with magnetic beads conjugated to a human
anti-Ago2 antibody (1:500; catalog no. MABE253; EMD
Millipore). Huh7 cells were used to conduct the RIP assay
without transfection prior to the assay. RNA was detected by
RT-qPCR and IgG detected performed as a negative control.
MALATI1 was selected as a positive control according to
Sun et al (26), who revealed that MALAT] acts as sponges
of miR-320a. The primers for MALAT1 are presented in
Table I.

RNA pull-down assay. RNA was purified and labeled with
biotin using the Pierce RNA 3' End Desthiobiotinylation kit
(Thermo Fisher Scientific, Inc.). Positive control (biotin-labeled
wild-type miR-320a; miR-320a-Bio), negative control (mutant
miR-320a, miR-320a-Bio-MUT), and biotinylated RNAs
(NC-Bio) were incubated with the cell lysates.
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Figure 1. Expression of NEAT1 and miR-320a in hepatocellular carcinoma cells. (A) NEAT1 expression in LX-2, Hep3B, SNU-449, Huh6, SNU-398, Huh7
and MHCC-97H cells. RT-qPCR was used to detect NEAT1 expression, with GAPDH as a loading control. (B) miR-320a expression in LX-2, Hep3B,
SNU-449, Huh6, SNU-398, Huh7 and MHCC-97H cells. RT-qPCR was used to test miR-320a expression, with U6 as a loading control. Three independent
experiments were performed. 'P<0.05 vs. LX-2. RT-qPCR, reverse transcription-quantitative PCR; miR-230a, microRNA-320a; NEAT1, nuclear enriched
abundant transcript 1.
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Figure 2. Effects of NEAT1 on hepatocellular carcinoma cell proliferation. Cells were infected with LV-shNEAT1 or LV-NEAT] for 48 h prior to further
analysis. NEAT1 expression in (A) MHCC-97H and (B) Huh7 cells. miR-320a expression in (C) MHCC-97H and (D) Huh7 cells. (E) Effects of NEAT1 on
the proliferation of Huh7 cells. Scale bar, 50 ym. (F) Effects of NEAT1 on the proliferation of MHCC-97H cells. Scale bar, 50 ym. Three independent experi-
ments were performed. "P<0.05 vs. NC. NEAT1, nuclear enriched abundant transcript 1; LV, lentivirus; sh, short hairpin RNA; miR-230a, microRNA-320a;
NC, negative control; IOD, integral optical density.
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Figure 3. Effects of NEAT1 on hepatocellular carcinoma cell apoptosis. Effects of NEAT1 on the apoptosis of Huh7 and MHCC-97H cells. Cells were infected
with LV-shNEAT1 or LV-NEAT] for 48 h. Flow cytometry was used to assess cell apoptosis. Three independent experiments were performed. "P<0.05 vs. NC.
NEAT1, nuclear enriched abundant transcript 1; LV, lentivirus; sh, short hairpin RNA; PI, propidium iodide; NC, negative control.

Xenotransplantation of tumors. The animal experiment
procedures were approved by the Animal Ethics Committee
of The First Affiliated Hospital of Sun Yat-sen University
(Guangzhou, China). A total of 24 1-month-old athymic
female BALB/C nude mice, with a weight range of 13-17 g,
were purchased from the Shanghai Institute of Medicine
(Shanghai, China). The mice were housed at a temperature of
18-23°C with 40-60% humidity, a 14-h light/10-h dark cycle,
and food and water were accessible at all times. Huh7 cells
(2x10°) in 0.2 ml normal saline transfected with LV-NEATI,
LV-shNEATI1 or LV-NC were subcutaneously implanted
into the lateral abdomen of each nude mouse. A total of
24 mice were randomly divided into 4 groups; 6 mice were
injected with Huh7 cells infected with LV-NEAT]1, 12 were
injected with Huh7 cells with LV-NC, and 6 were injected
with Huh7 cells with LV-sShNEAT1. In total, 2 mice died
in the group of Huh7-LV-NEAT1 and Huh7-LV-NC, and
finally 4 mice were analyzed. Three mice died in the group
of Huh-LV-NC and Huh7-LV-shNEATI. The volume of the
tumor was estimated using a caliper once a week for 5 weeks.
The nude mice were observed every 12 h after being inoculated
with HCC cells. After 5 weeks, nude mice were anesthetized
by 4% chloral hydrate intraperitoneal injection with a dose of
400 mg/kg, euthanized using cervical dislocation and then the
subcutaneous tumors were removed. Some mice were anes-
thetized and sacrificed earlier than 5 weeks if the following
conditions were met: i) Maximum weight loss of nude mice
was >5 g in the first 2 weeks; ii) tumor volume was <20 mm?®
in the first 2 weeks; or iii) inoculated nude mice died. There
were four nude mice left in the group of Huh7-LV-NEAT1
and Huh7-LV-NC and three nude mice left in the group of
Huh-LV-NC and Huh7-LV-shNEAT1 at 5 weeks. The cause
of death was probably due to HCC cell toxicity and poor

immunity of nude mice. The weights of the tumors were
measured after 5 weeks. The following formula was used to
calculate tumor volume: Volume (mm?)=0.5 x length x width?.
Multiple tumor growth was not observed in the present study.
The levels of LAGE3 in the resected tumors were analyzed by
immunohistochemistry.

Immunohistochemistry. Tissues were fixed with 4% formalin
for 24 h at room temperature, embedded in paraffin and section
to a thickness of 0.5-cm. Following dewaxing and rehydration,
the endogenous peroxidase activity was blocked with sodium
citrate buffer (pH 6.0) at 100°C for 20 min, and the antigens on
the slides were exposed. The slides were incubated overnight
with antibodies specific for Ki67 (1:500; catalog no. ab15580;
Abcam) and LAGE3 (1:100; catalog no. ab224157; Abcam) at
4°C. Then, the slides were incubated with a rabbit anti-sheep
IgG secondary antibody coupled with horseradish peroxidase
(1:2000; catalog no. ab6747; Abcam) at 37°C for 1 h. Following
staining, nine fields of each slide were randomly selected with
the help of a light microscope (magnification, x200). Ki67 and
LAGES3 expression intensity was assessed by estimating the
area of the fields and the IOD was calculated by the medium
pixel intensity of each object. The sections were imaged with
a light microscope (magnification, x200). All images were
acquired and processed in TIFF format, and analysis was
performed using Image ProPlus 6.0 AMS software (Media
Cybernetics Inc.).

Statistical analysis. All data are presented as mean =+ standard
deviation. Student's t-test was used for the analysis of two
independent groups. One-way analysis of variance followed by
Tukey's post hoc test was used to analyze differences among
three or more groups. P<0.05 was considered to indicate a
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Figure 4. Effects of NEAT1 on hepatocellular carcinoma cell invasion. Cells were infected with LV-shNEAT1 or LV-NEAT1 for 48 h. Effects of NEAT1 on
the invasion of (A) Huh7 and (B) MHCC-97H cells. Scale bar, 150 ym. A colony forming assay demonstrated the effects of the NEAT1 overexpression and
silencing on colony formation in (C) Huh7 and (D) MHCC-97H cells. Scale bar, 2 mm. Three independent experiments were performed. "P<0.05 vs. NC.
NEATI, nuclear enriched abundant transcript 1; LV, lentivirus; sh, short hairpin RNA; NC, negative control.

statistically significant difference. All statistical analysis was
performed using SPSS 24.0 software (IBM Corp.).

Results

NEATI is upregulated and miR-320a is downregulated in
HCC cells. First, NEAT1 expression was detected in the HCC
cell lines Hep3B, SNU-449, SNU-398, Huh7, and MHCC-97H,
the hepatoblastoma cell line Huh6 and the hepatic stellate cell
line LX-2. NEAT1 expression was significantly higher in

HCC cells compared with LX-2 cells (Fig. 1A). Furthermore,
miR-320a expression was significantly lower in HCC cells
compared with LX-1 cells (Fig. 1B). This demonstrated that
NEATI may be involved in the development of HCC.

Effects of NEATI on HCC cell proliferation. To investi-
gate whether NEAT1 can affect HCC cell proliferation,
an EdU assay was performed. Huh7 and MHCC-97H cells
were infected with LV-shNEAT1 or LV-NEAT! for 48 h.
As presented in Fig. 2A and B, NEATI1 expression was
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fected into Huh7 cells with miR-320a mimic or the corresponding negative control. (E) The association between NEAT1 and Ago2 was tested by an RIP assay.
Cellular lysates were immunoprecipitated using an Ago2 antibody or IgG. NEAT1 expression was detected by reverse transcription-quantitative PCR. The
MALATI level was used as a positive control. (F) An RNA pull-down assay indicated the direct interaction between miR-320a and NEAT]. Cellular lysates
were pulled down using NC-Bio, miR-320a-Bio or miR-320a-Bio-MUT. Three independent experiments were performed. "P<0.05. NC-Bio, biotinylated nega-
tive control; miR-320a-Bio, biotinylated miR-320a; miR-320a-Bio-MUT, miR-320a probe containing mutations in the NEAT1-binding site; WT, wild type;
MUT, mutant; NEATI, nuclear enriched abundant transcript 1; NC, negative control; 3'-UTR, 3'-untranslated region; miR-320a, microRNA-320a.

significantly reduced by LV-shNEATI and significantly
increased by LV-NEAT1 in Huh7 and MHCC-97H cells
compared with the control cells. In addition, miR-320a
expression was significantly increased by LV-shNEAT1
and significantly reduced by LV-NEAT1 compared with the
control (Fig. 2C and D). Next, the EdU assay was performed,
which verified that Huh7 and MHCC-97H cell proliferation
was significantly suppressed by reduced NEAT1 expression
and significantly induced by the upregulation of NEAT1
(Fig. 2E and F). These results indicated that inhibition of
NEAT]I represses the proliferation of HCC cells.

Effects of NEATI on HCC cell apoptosis. To investigate
the effect of NEAT1 on the apoptosis of HCC cells flow
cytometry was performed. The results demonstrated that the
apoptosis of Huh7 and MHCC-97H cells was significantly
increased by LV-shNEAT]1 and significantly decreased by
LV-NEATI1 compared with the control cells (Fig. 3). These
results suggested that silencing NEAT1 increases HCC cell
apoptosis in vitro.

Effects of NEATI on HCC cell migration. Transwell inva-
sion assays and colony formation assays were performed to
determine whether NEAT1 affects HCC cell migration and
invasion. LV-shNEAT]1 significantly reduced the migration
capacity of Huh7 and MHCC-97H cells, while upregulation of
NEATI significantly increased the migration (Fig. 4A and B).
Subsequently, the effects of NEAT1 on colony formation were
analyzed in Huh7 and MHCC-97H cells and it was identified
that colony formation was significantly increased following
NEATI upregulation (Fig. 4C and D). These results suggested
that NEAT1 may promote HCC cell migration and invasion.

miR-320a acts as a target of NEATI. LncRNAdb, StarBase and
ChIPBase were used to investigate the mutual effect between
NEATI and miR-320a. miR-320a was identified as a target of
NEATI, and the complementary binding regions were verified
(Fig. 5A). To confirm these findings, a luciferase reporter assay
was performed. As presented in Fig. 5B, mutations were gener-
ated in the miR-320a-binding sequence of NEAT1. miR-320a
mimic was transfected into Huh7 cells and its transfection
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Figure 6. LAGE3 is a direct target of miR-320a. (A) Following identification of NEAT1 and miR-320a, a possible target for miR-320a in HCC carcinogenesis
was identified. Starbase 3.0 aligned the complementary sites in the LAGE3 gene with miR-320a. (B) Luciferase reporter constructs containing the LAGE3
WT or mutant LAGE3 MUT sequence. (C) Transfection efficiency of miR-320a mimic in MHCC-97H cells. "P<0.05. (D) LAGE3 WT or LAGE3 MUT were
co-transfected into Huh7 cells with miR-320a mimic or the corresponding NC. (E) mRNA expression of LAGE3 in HCC cells. "P<0.05 vs. LX-2. (F) mRNA
expression of LAGE3 in Huh7 and MHCC-97H cells following transfection with miR-320a mimic or the NC for 48 h. "P<0.05 vs. miR-320a-NC. Three
independent experiments were performed. LAGE3, L antigen family member 3; miR-320a, microRNA-320a; HCC, hepatocellular carcinoma; WT, wild type;
MUT, mutant; NC, negative control; NEATI, nuclear enriched abundant transcript 1.

efficiency is presented in in Fig. 5C. Co-transfection of a
wild-type luciferase reporter plasmid with miR-320a mimic
significantly reduced the reporter gene activity compared with
that of the control Huh7 cells, whereas no obvious changes
were observed following co-transfection with a mutant-type
luciferase reporter plasmid and miR-320a mimic (Fig. 5D) due
to the interaction between miR-320a mimic and NEAT-WT.
Furthermore, to investigate whether NEAT1 can be coupled
to miR-320a, an RIP assay was performed, and the content
of NEATI1 and miR-320a in Ago2 particles was significantly
higher compared with that in the IgG group in Huh7 cells
(Fig. 5SE). As presented in Fig. 5F, an RNA pull-down assay
was performed, which revealed that significantly higher
NEAT] levels in Huh7 cells were observed with miR-320a-Bio
probe compared with NC-bio or miR-320a probe. These results
suggest that miR-320a is a direct target of NEAT1.

LAGES3 is a direct target of miR-320a. TargetScan, miRanda
and StarBase were used for bioinformatics analysis to predict
the targets of miR-320a, and LAGE3 was predicted as a
target. The binding regions between miR-320a and LAGE3

are presented in Fig. 6A. The wild-type and mutant binding
sites of LAGE3 are presented in Fig. 6B. The transfection effi-
ciency of miR-320a mimic in MHCC-97H cells is presented
in Fig. 6C. Wild-type luciferase reporter plasmids were
co-transfected with miR-320a mimic, and the reporter activity
in Huh7 cells was significantly reduced due to the interaction of
miR-320 mimic and wild-type LAGE3. However, the reporter
activity in Huh7 cells co-transfected with mutant-type lucif-
erase reporter plasmids was no obviously changed (Fig. 6D). In
addition, the LAGE3 mRNA expression level was revealed to
be significantly higher in HCC cells and hepatoblastoma cells
compared with LX-2 cells (Fig. 6E). Furthermore, the mRNA
expression level of LAGE3 was significantly lower in HCC
cells and hepatoblastoma cells transfected with miR-320a
mimic compared with the controls (Fig. 6F).

NEATI regulates HCC progression by modulating miR-320a
and LAGES3 in vivo. The present study established a Huh7 cell
nude mouse xenograft model to verify whether NEAT1 can
regulate HCC in vivo. The tumor volumes and tumor weights
after five weeks are presented in Fig. 7A-C. Ki-67, also known
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Figure 7. NEAT1 modulates hepatocellular carcinoma progression by sponging miR-320a and regulating LAGE3 in vivo. Three groups of mice were estab-
lished; 12 mice were injected with Huh7 cells infected with LV-NC, six were injected with Huh7 cells infected with LV-shNEAT1, and six were injected with
Huh?7 cells infected with LV-NEATI. (A) Solid tumors were collected from mouse subcutaneous tissue. Xenograft tumor (B) volume and (C) weight were
shown to be significantly promoted by NEAT1. (D) Immunohistochemical staining of Ki-67 and LAGE3 in tumor tissues. Scale bar, 50 ym. Expression of
(E) NEATI, (F) miR-320a and (G) LAGE3 in the tumor tissues of the mice. Three independent experiments were performed. “P<0.05 vs. NC. NEATI, nuclear
enriched abundant transcript 1; miR-320a, microRNA-320a; LV, lentivirus; NC, negative control; sh, short hairpin RNA; LAGE3, L antigen family member 3;

IOD, integral optical density.

as antigen Ki-67 or MKI67, is a protein encoded by the
MKI67 gene in mammals. The expression of Ki67 is strongly
associated with tumor cell proliferation and growth and is
widely used as a proliferation marker in routine pathological
investigations (27,28). As presented in Fig. 7D, immunohisto-
chemistry revealed that LV-shNEAT1 significantly inhibited
LAGE3 and Ki-67, while LV-NEAT]1 significantly increased
expression of LAGE3 and Ki-67. RT-qPCR was performed to

analyze the expression level of NEAT1, miR-320a and LAGE3.
As presented in Fig. 7E-G, when the expression of NEAT1
was downregulated, the expression of miR-320a was signifi-
cant increased, while the expression level of LAGE3 was
significantly reduced. By contrast, when NEAT1 was over-
expressed, the effects of miR-320a and LAGE3 expression
were reversed. It was identified that NEAT1 overexpression
promoted LAGE3 expression via sponging miR-320a in vivo,
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while the downregulation of NEAT1 demonstrated the oppo-
site effect. These results revealed that NEAT1 promotes the
development of HCC by targeting miR-320a and LAGE3

in vivo.
Discussion

In the present study, NEAT1 expression was demonstrated
to be significantly higher in HCC cells. NEAT1-silencing
could restrain the progression of HCC, while NEAT1 over-
expression was capable of promoting HCC development
by regulating miR-320a both in vitro and in vivo. Further
mechanistic studies indicated that LAGE3 was a direct target
of miR-320a. In conclusion, it was demonstrated that NEAT1
acts as a competitive endogenous RNA (ceRNA) for miR-320a
to enhance LAGE3 expression in the tumorigenesis of HCC.

It is widely acknowledged that only ~1% of the genome
encodes proteins, while the vast majority of the transcribed
human genome consists of noncoding sequences (29). The
IncRNA NEAT1 is among these sequences. NEAT1 is located
in the nucleus, is a highly abundant IncRNA with a length
of ~4 kb and acts as a critical component for the structure
of paraspeckles (30,31). The present study observed that
the expression of NEAT1 was enhanced in HCC cell lines
compared with the hepatic stellate cells LX-2. These results
suggest that NEAT1 may serve a role in tumor carcinogen-
esis in HCC. To investigate the role of NEAT1 in HCC, its
expression was downregulated and upregulated through
stable transfection of Huh7 and MHCC-97H cells. Silencing
NEAT]! significantly inhibited proliferation and migration
but increased apoptosis of HCC cells. By contrast, the over-
expression of NEAT1 significantly promoted proliferation and
migration but inhibited the apoptosis of HCC cells. In addi-
tion, the downregulation of NEAT1 reduced tumor weight and
volume in xenograft nude mice models, while overexpression
of NEATI resulted in the opposite effects. These results
indicate that NEAT1 is an oncogene in HCC.

The present study further investigated the potential mecha-
nism of NEATI in the development of HCC. miR-320a is a
crucial tumor suppressor in various neoplasms, including lung
cancer, salivary adenoid cystic carcinoma, breast cancer and
endometrial carcinoma (32-35). Notably, Zhang et al (36)
reported that miR-320a is downregulated in HCC cell lines
and tissues. Overexpression of miR-320a not only inhibited
the proliferation and invasion of HCC cells but also decreased
tumor growth in vivo. In line with this study, the present
study also observed a significant decrease in the expression of
miR-320a in HCC cell lines. Bioinformatics analysis suggested
that NEAT]1 contains a binding region for miR-320a. Therefore,
the association between NEAT1 and miR-320a in HCC was
investigated. In the present study, double luciferase reporter
analysis and RNA pull-down assays confirmed that NEAT1
could bind directly to miR-320a in HCC cells. Silencing
NEAT! elevated miR-320a expression in both HCC cells and
xenograft nude mice models. By contrast, overexpression of
NEAT]I decreased miR-320a expression. These results indi-
cated that NEAT1 acts by negatively modulating miR-320a
expression in the development of HCC.

LAGE3 (alsoknown as ESO3), a subunit of the EKC/KEOPS
complex, is evolutionarily conserved and ubiquitously
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expressed in somatic tissues (37,38). It has been reported that
the EKC/KEOPS complex, the matrix of LAGE3, is associated
with the processes of transcription, protein synthesis, telomere
homeostasis, genomic instability and cell growth (39,40).
LAGE3 interacts with a frequently overexpressed human
tumor antigen, preferably expresses antigen in melanoma, and
may engage in neoplastic processes (41). However, the role of
LAGES3 is still not fully understood. The present study found
that LAGES3 is a target of miR-320a and that miR-320a nega-
tively regulates LAGE3 expression in HCC cells. LAGE3 was
elevated in HCC cell lines compared with normal liver cell
lines. LAGE3 may participate in the oncogenesis of HCC and
serve as a potential therapeutic target.

It has been reported that certain IncRNAs can act as
sponges for miRNAs by modulating the expression of miRNA
target genes in various human diseases, including cancer. For
example, the IncRNA TUGTI has been reported to promote the
development of oral squamous cell carcinoma via sponging
miR-524-5p, thereby affecting distal-less homeobox 1
expression by acting as a ceRNA (42). Furthermore, IncRNA
LINCO01234 promoted the proliferation and the occurrence of
gastric carcinoma by sponging miR-204-5p as a ceRNA and
alleviating the suppression of the target gene core-binding
factor subunit § (14). Through bioinformatics analysis, the
present study identified that NEAT1 contains similar response
elements as LAGE3 at the putative miR-320a binding sites.
This suggests that NEAT1 and LAGE3 may compete for the
same binding site of miR-320a. Therefore, it was hypoth-
esized that NEAT1 may play a carcinogenic role by sponging
miR-320a and reducing the suppression of LAGE3 in HCC.
Then, an anti-AGO2 RIP assay was conducted, and the results
revealed that the content of NEAT1 and mir-320a in Ago2
particles was higher than compared with that in the IgG group.
Silencing NEAT1 significantly decreased the expression of
LAGE3 in mouse HCC tumor tissues, and overexpression of
NEATI had the opposite effect. Collectively, these results
indicated that NEAT1 functions as a ceRNA for miR-320a to
modulate LAGE3 expression.

In conclusion, the present study demonstrated that NEAT1
may facilitate the progression of HCC. In the current study,
the potential mechanism of the NEAT1/miR-320a/LAGE3
axis in HCC cells was confirmed, and the overexpression of
NEATI1 was found to promote the progression of HCC. In
addition, negative correlation association between NEAT1 and
miRNA-320a was identified. The present study focused on
LAGES3 since it is targeted by miR-320a. The current findings
reveal that the NEAT1/miR-320a/LAGE3 axis participates in
the development of HCC and that NEAT1 may be a potential
biomarker for HCC.
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